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By adhering to the SRD development process, the SRD demaonstrates, that whan implamantad,
the set of slandards contained In Violume |l provides

1) Adequats safsty in light of the hazards posed by faciity operations
2} Compliance with applicable laws and regulations

3} Caonformance o DOE lop-leve! safely standards and objactives as spacified in DOE/RL-
96-0006 Top-Level Radivlogical, Nuclear, and Process Safely Standards and Principles
for TWRS Privatization Contractors (DOE-RL 1998d)

4] Consideration of experience embodied in commercial codes and standards.

The following chapters describe the standards identification process used In development of the
SRD. This process is broken down inlo process iniiation, identification of work, hazards.
assessment, identification of standards, and confirmation of adequacy. Attachments A, B, and C
document the qualifization of the participants in the SRD development process, Attachment D is
a listing and summary of the laws, regulations, and industry standards used in the development
of the SRD. Attachment E is a matrix demonstrating compliance with applicable laws and
contraciual requirements. Attachment F of Revision 0 has been replaced with "Radiclogical
Exposure Standards for the TWRS-P Project” as Appendix D in Volyme Il of the SRD. The
original Attachment F supported the inilial review of the SRD by mapping the atiributes of
DOE/MRL-87-08, Guidance for the Review of TWRS Privalizetion Contraclor Safety Requirements
Document Submittal Package, DOE-RL 1997, to the Standards Approval Package submittals
incorporating the expeciations as stated in the altributes, AttechmentFSRD Volume I,
Appendix D, "Radiological Exposure Standards for the TWRS-P Project,” incorporates the
stand-alone document Radiological and Nuclear Exposure Standards for Facility and Co-
Located Wovkars (BNFL 1887c). The attachment has been revised and updated to reflect the
BMFL Inc. responses to DOE Regulatory Unit questions on the Standards Approval Package
and Initiad Safety Assassment.
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Chapter 1! Radiclogicsl, Nuclesr and Process Safety Objectives

1.0 Radiological, Muclear and Process Safety Objectives

Safety Criterlon:  1.0-1
A comgrehansive radiological and process safety managemen! program shall be used to aliminate
or reduce the incidence, or mitigate the consequences of, accidental radicactive or chamical
releases, process fires, and process axplosions. This program shall address managament
practices, technologies, and procedures. Radiological and process safety managemant shall
conflim that the feclity |5 properly designed. the integrily of the deslgn Is maintained, and the facility
is operated according fo the safe manner intended.

Implementing Codes and Standards;

BNFL-5193I5P01 MRS—FHM!W Eafgty Managemant Pian
Saction: 4.1 Sallely Man g amant
&W!ﬂl’mmm&hﬂmt

5
29 CFR 1810 Saflety snd Health Stanlsrds .I.nmbm it
40 CFR 88 Chemizal Accident Prevemdion Provisions  Locafion;
DOE/RL-96-0008 5.1.7 Procass Safsly Management
DOERL-85-0008 5.1.2 Process Sedely Objechive

Safely Criterlon: 1.0-2
Principal emphasis shafl be placed on the prevention of accidents, particulary any that could cause an
unacoeptable releasa, as the primary means of achieving safaty.
Implementing Codes and Standards:
BMFL-5103-8R0-01, Appendix A Implementing Standand for Delanse-inDephSalaty Stendards and Recuiremants

mﬂmm Gauida for Nonreactor Nudear Safety Dasign Criteria and Explosive Safety Critaria, 2.3
DOE Ordor 420.1 Facibty Sadoty, 4.1.1.2

%-wm 4.1.1.2 Defenae in Depth-Prevention

Safoty Criterion: 10-3
Thi risk, to an avarage individual within 1 mile of the TWRS-P Conirolled Area Baundary, of prompt
fatafities that might result from an accldent shall not excesd one-tenth of one percant [0.1%) of the
surm of promp! fatalily rgks resulling from other accadents which members of the LULS. population
genecally Bre exposed.

Implemeanting Codes and Standards:

Regulatory Basis:
DOEML-86-0008 3.1.2 Accidant Risk Goal
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Chapter 1: Radislegical, Nuclesr and Procsss Safzty Objectives

Safety Criterion:  1.0-4
The risk, bo fhe public and workers within 16 km {10 miles) of the TWRS-P Facity, of cancer fatalilies
that might result from TWIRS-P facilty operstions shall nol excesd ane-lanth of ane percent (0.1%) of
the sum of cancer fatality risks to which members of the U5, population generally are exposed.

Safety Criterlon: 10-5
The risk o workers within the BNFL TWRS-P Conirolled Area Boundary, of fatslity from radological
exposurs fat might result from an accdent. shall not be @ significant contributor to the overall
sccupational risk of fatality o workens.

Implemanting Codes and Standarda:

il Basis:
DOERL-86-0008  3.1.3 Workar Acciden! Risk Goal

Safety Criterion:  1.0-8
Measures in the design and operation of the faciity to protect the public, workers, and anvironmont
agaknst accident condiions shall be evalualad using an acceptable approach to demonsirate that thay
perform (hair intended pupose with high confidence.

Implementing Codes and Standards:
BNFL-5183-5R0-01, Appandix B implemanting Standard for Diafanse in Depth
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Chagiter | Radiological, Nuchear and Process Safety Objectives

Safaty Criterion: 10-7
To compensats foe potential human and squipment fallures, a defense-in-depth stretegy shadl ba
epplied to the facility commensurate with the hazards; such that, &5 appropriate o coniral the risk,
safety is vested in multiple, independant safaty provisions, no one of which is to be relisd Lpsn
exceasively to protect the public, the werkers, o the enviranmant, This strategy shall be spplled to the
design and operation of the faciity.

Implementing Codes and Standards:
ANSIANS 58.8-1881 Single Fallure Criteria for Lipht Waster Reactor Safety-Refalad Fiold Systems
BNFL-5193-SA0-01, Appendix B Imghementing Standard for Detanse in Depth
DOE 16 Implementation Gulde for Nonraactor Mudear Safety Design Criteda and Explogive Safety Criterig, 2.3
DOE Ordar 420.1 Facility Safety 4.1.1.2
;‘EE ATE-1884 Application of the Single Failurs Criterion to Nuclear Power Ganarating Station Safaty
yRIEmS

Requlatory Basis:
DOEML-06-0008 £1.1.1 Defense in Depth-Delenss in Dapth

Safety Criterfon: 10-8
Structures, syslams, end components (SS5Cs) thal serve lo provide reasonable assurance that the
facility can be operated without undue risk to the haalth end safely of the workers and the pubdic are
classified as importent 1o Safety. Il encompasses the broad class of facliity features addressed (not
necessarly axplicitly) in the top-level radiciogical, nuclear, end process safety standards and
principles that contribute to the safie operation and protecSon of workers and the public during all
phases and aspects of faciity operations (i.e., normal operation as well ns accident mitigation), This
definition includes nol only those struchures, systams, and companents that parform safely funclions
and traditonally have been classified as safety ciass, safety-relatad or safety-grade, bul also those
thet place frequent demands on or adversely affect the performance of safety funciions ¥ they fail or
meffunction, Le., support sysiems, subsystems, or componants, This, these later structures,
systems, and componants would ba subject to applicabls top-evel radiclogical, nuclear, and process
safaty standands and principles to & degree commensurate with thelr contribution to risk. In applying
this definklon, il is recognized that during the early stages of the design effort all significant sysiems
Interactions may not be identfied and only the traditional interpratation of Important to Safety, Le.,
safety-refated may be practical, However, as the design matures and results fom risk assessmants
identify vuinarabiliies rasulting from non-safaty-related equipment, additional structures, aysiasms,
and companents shauld be conslderad for Inchusion within this dafinition,

Importent to Safety includes S5Cs designated as Safety Design Class and Safety Design Significant.

Safaty Design Class SSCs includes thosa that, by performing thair specified eafaty funclion, prevant
workers of the maximally exposed member of the public from recelving a radiclogice! exposure that
exceeds the exposure sianderds defined In the SRD. Safety Design Class also spplles io those
faatures that by funcioning, prevent the worker or maximally exposed member of the public fram
recetving a chemical exposurs that exceads the ERPG-2 (AJHA 1888) chemical relsase standard.
Those festures cradited for tha pravention of 8 crilicality event are also designatad as Safety Design
Class.

Safoly Design Significent 55Cs are those neaded 1o achiove complisnce with the radiological or
charnical sxposure standards for the public and workers during normal oparation; and SSCa that can, if
they fail or malfunction, place frequent damands on, or adversely affect the function of, Safaty Design
Class 53Cs.
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Chapter 1! Radiological, Nuclear and Process Safery Objectives

Implementing Codes and Standards:

Safety Criterion: 10-8
BNFL Inc. shall accepl ultimate responsibdity for the safsty of the TWRS-P Faclity,

Implemaenting Codos and Standards:
BNFL-51934SP-01 TWRS-P Praject integrated Salety Managesmant Plan
Chapter: 1.0 Safety Approach to TWRS Privatization
Section: 11.1 Deslgn and Construciion Phase
Saction: 11.2 Operaions Phasa

DOERL-PE-0008 4.3.1.1 Conduct of Operations-Organizations) Stuciue
DOERL-96-0008 51.3 Process Safaly Responsbilily

Safety Criterion: 1.0-10
In addition to the Safety Criteria contained herein, complience with all requisaments of 10 CFR 830.120

and 10 CFR 835 shail be schieved abaent the granting of an exemplion request to any specific
raguirament tharain,

Implamenting Codes and Standards:

10 CFR B2, 120 Quality sssurance requiements  Locafion:
Locafion:

T0CFR B35 Ocoupalional Radiation Profection
DE-ACOG-GSRLIII0E  Part | Section C.5 Talde S4-!

1
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Chapter : Radiological and Process Standards

2.0 Radiological and Process Standards

Safety Criterion:  2.0-1

The following Radistogical Dose Standards shall ba epphied to protect B publfic and workers from

TWRS-P radioiogical hazards.
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Chapter 3: Nuclear and Process Safety

3.3 Criticality

Safety Criterlon:  3.3-1
Tha facility shall be designed and operaiad in 8 manner that prevents nuclear criticality.
Implementing Codes and Standards:
ANSUANS B.1-1983 (R 1988) Muckear Crificaly Sefiety in Dperations with Fissionabla Matedals Outside
ANSUANSE B.19-1998 Administrotive Pracsices lor Nuclear Criticalty Safety

Begulatory Basis:
COERL-S0-0006 42235 Provan Enpinesving Feoticssdderging-Crlically

Safety Criterion: 33-2
The design of handling, packaging, ransfer, and storage systams mast include manging of safety for
{he nuclear criicality paramelars that are commensurate with tha uncertainties in the data and
methods used in calculations and in the nature of the immadiale environment under accident
conditiong.

The multiplication factor (k<aff>), including sl bieses and uncertainties at 8 85% confidence leved, shall
b shown 1o nol exceed 0,95 under all credible normal, off-normal, and sccident conditions,

Safety Criterion: 3.3.3

Process designs shall incorporate sufficient factons of safely to require ai keast two unlikely,
Indepandent, and concurrent changes in process conditions before a crilicality accident is possible,
Protection shall b provided by either :
{1}mmwﬁmlm1m:wmmtmlmhmm»m.mm
practical, to pravant comman-mode falure), or

{2) a system of multiple controls on a single process parameter,

The number of controls required for a single controlled process parameter shall be based upon conirol
relizbility and any features that mitigate the consequences of control failure. In all cases, no single
credible event or failure shall result in the potential for a criticality accident.

An exception io e application of double contingency, whaere singke contingancy oparations are
permissible, is presenied in paragraph 5.1 of ANSIANS-B.10-1683, RBS. This exception applies io
operations with shisiding and confinement (.., hot calls or other shislded facilfties).

Doubla contingency shall be demonsirated by documanted evaluafions,
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Chapter 3: Nuclear and Process Safety

3.3 Criticality

Safety Criterlon:  3.3-1
Tha facility shall be designed and operaiad in 8 manner that prevents nuclear criticality.
Implementing Codes and Standards:
ANSUANS B.1-1983 (R 1988) Muckear Crificaly Sefiety in Dperations with Fissionabla Matedals Outside
ANSUANSE B.19-1998 Administrotive Pracsices lor Nuclear Criticalty Safety

Begulatory Basis:
COERL-S0-0006 42235 Provan Enpinesving Feoticssdderging-Crlically

Safety Criterion: 33-2
The design of handling, packaging, ransfer, and storage systams mast include manging of safety for
{he nuclear criicality paramelars that are commensurate with tha uncertainties in the data and
methods used in calculations and in the nature of the immadiale environment under accident
conditiong.

The multiplication factor (k<aff>), including sl bieses and uncertainties at 8 85% confidence leved, shall
b shown 1o nol exceed 0,95 under all credible normal, off-normal, and sccident conditions,

Safety Criterion: 3.3.3

Process designs shall incorporate sufficient factons of safely to require ai keast two unlikely,
Indepandent, and concurrent changes in process conditions before a crilicality accident is possible,
Protection shall b provided by either :
{1}mmwﬁmlm1m:wmmtmlmhmm»m.mm
practical, to pravant comman-mode falure), or

{2) a system of multiple controls on a single process parameter,

The number of controls required for a single controlled process parameter shall be based upon conirol
relizbility and any features that mitigate the consequences of control failure. In all cases, no single
credible event or failure shall result in the potential for a criticality accident.

An exception io e application of double contingency, whaere singke contingancy oparations are
permissible, is presenied in paragraph 5.1 of ANSIANS-B.10-1683, RBS. This exception applies io
operations with shisiding and confinement (.., hot calls or other shislded facilfties).

Doubla contingency shall be demonsirated by documanted evaluafions,
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Chapter 3; Muclear and Process Safety

Safety Criterion: 33-4

Whera a sufficient quantity of fissionabie material ks being processed such that criticality safety is a
concarm, passive enginesred controds, such &5 geomatry control, shall be considered es the prefemed
control method, VWhere passive engineered control iz nol feasible, e praferred order of controls is
nclive enginaared conirols foliowed by adminisirative controls. The double contingency analysis shall
Justify the chosen controls. Full advantags may be taken of any nucleer characienstics of the process
materizis and aquipment The geometry must be considerad as water moderated and reflected unlass
it can be shown the presance of water is not credible. AR dimensions, nuciear propertios, and other
features upon which reliance is placed shail be documented and varfied prior to baginning cperations,
and conirol shall be exercised 1o maintain them,

Safety Criterion: 3.3-5
To protect against an uncontrolled nuclear criticality incident, nuclear criticality safaty considerations
and controls shall be evaluated for accidants, normal oparations, and bafora any significant oparational
changes are made.
—lmplementing Codes and Standards:
BNFL-B IR TN RS- Rl o abid-Solole bl i P
———— Bapotion.. 1B Criboality Sakaty

Safety Criterlon: 33-8
Criticality Accident Alarm Systemns (CAS) and Criticality Detection Systems (CDS) shall be required
s foliows:
{1} In these locations where the mass of fissionable malerial excesds the limits established in Table
3-1 Inventory of Fissionabie Material and the probabllity of B criticality Bccident is greater than 1E-06
per year, 8 CAS conforming to ANSVANS-8.3-1085 shall be provided to cover occupied areas in which
the expecied dose exceeds 12 rads { 0,12 greys) in free air, where a CAS is defined to Include a
criticality acciden! detection devica end a parsonnel evacuation alarm.
(2) In those locations where the mass of fissionable material exceeds the limits astablished in Table
3-1 Inventory of Fissionable Materlal and the probabliity of a criticality accident is greater than 1E-D6
per year, but there are no occupled areas in which the expected dose exceeds 12 rads (0.12 greys) in
free o, 8 COS shall be provided, where a CDS |z defined to be an appropriate criicality accident
datection device but withou! an immediate evacuation alarm. The CDS response tme should ba
sufficiant to allow for eppropriate process-related mitigalon and recovery actions, Appropriate
response guldance o minimlze personnel exposure shall be provided,
{3} In those kocations where the mass of fissionable materal exceeds the limits established In Table
3-1 Inventory of Fissionable Material, but a oriticality accident is determined to be impessible due fo
the physical form of the fissionable material, or the probability of ocourrence Is determined o be less
than 1E-06 per year, nelther 8 CAS nor a CDS s required. Meither 8 CAS nor & CDS is required for
fissionable material during shipment when packaged in approved shipping containers, or when
packaged in approved shipping containers awaiting transpont provided that no ofher operation invalving
fisaionable material not so packaged ks parmitied on the shipping dock or in the shipment araa.
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Chapter 3: Nuclear and Process Safety

() It & crlbcality accident is possible wherein a slow (Le., quasisiatic) increase in resctivity could
occur leading from subcritical®ty to oriticality to sa¥-shutdown without initisting emplaced criticality
atarms, CASs should be supplemented by wamning devicas such as sudible personnel dosimeters
(e.g., pocket chinpers/flashers, or their equivalents), area radiation monitors, area dosimeters, or
integrating CASs to aid in protecting workers againet the conseguences of slow crificality accidants.
(5) Neither 8 CAS nor 8 CDS is required to be instalied for handling or storage of fissionable material
when sufficient shislding exists that s adequate to protect personngl (e.g., hot cells); however, a
mieans o detect fission product gases or other volatile fission products shall be provided in occupied
areas immediately adjacent io such shiskded areas, except for systems where no fission products are
ikaty to be relaased.

Mote; The frequency of 1E-06 per year is used as a measure of credibility end does not require a

probabilistic risk assessment be performed. Reasonabls grounds for incradbdity may be preseniad on
the basis of commeonly accepied engineering judgement.

Table 31 Inventory of Flssionable Material’

Lzotope Inventory in Individual Unrelated Ares
U-235 To0g
[TEEE] 530g_
Fu-239 450y
Any Combination of above 450g
Laotopes

! Per ANSUANS-8.3-1986 parmgraph 4.2.1

—mplamenting Codos and Standards:
B e e e Ll LR SR B R St N S Py
B L B Y

Safety Criterion: 33-7
Tha manitoring sysiem shall be capable of detecting a criticality that produces an absorbed dose in
sofll tasus of 20 rads (0.20 greys) of combined neubran and gamma radiabon sl an unshleslded distance
of 2 meters from the reacting material within ane minute.

Safoty Criterlon: 3.3-8
Covesage of all areas requining detection may be provided by a singhe detector,
- lmplomentpg Codes and-Standasdy.

——BNFL-5103-15-01 TWRS-H Project intigeatisd Sality Managemsat fan
—Socton 1.8 Celtally Sately
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Chapter 4: Engineering and Design

4.1 General Dasign

Salaty Criterion: 4.1-1
The faclity design shall provide for the prevention and mitigation of the risks sssocisted with
rackiological and chemical material inveniores and energy sources. The faclty design shall include

considerstion of normal eperation (including startup, testing and maintenances), anticipatad operetionsl
ooccumrences, exlemnal events, and accident conditions.

Prevention shall be the prafered means of achieving safety.

Dafanse-in-depth shall be epplied commensurate with the hazard to provide multiple physical and
administrative bamiers againgt undus radlation and chemicel exposure to the public and workers,

Implementing Codes and Standards:
ANSVANS 58.9-1081 Single Fallune Criteria for Light Waster Reactor Safaty-Related Fluld Systema
BNFL §5-0ID Implemonting Standard for Defanse in Depth
DOE IG Implamentatian Guida far Nonraacior Nudlear Safety Design Criterda and Explosive Safely Cribada, 2.3
DOE Ordor 420,1 Faciiity Safely 4.1.1.2
gﬁﬁmimhm“#hEMFMGMhHmmrthnm
barms
Ermulaior Baais;
DOEML-56-0008 4.1.1.1 Defense in Depih-Doferss i Depth
DOEFL-G8-0008  4.1.1.2 Defenge in Depih-Prevention

Safety Crlterlon: 4.1-2
Structures, systems, and componants designated as important to Safely shall ba designed,
fabricated, eracked, construciad, lasted, Inspaciad, and mainiained o quality standards
commensurate with the impontance of the safety functions to be performed. Where generally
recognized codes and standards are used, they shall be identified and evalusted to determine their
epplicability, adequacy, and sufficdency and shall be supplemented or modified as necessary fo assure
& quality product In keeping with the required safety function. Appropriate records of the deaign,
fabeication, erection, and testing of structures, systems, and components designated as
Importand i Safely shall be maintained through deactivation of the feciity.

Iteme and processes shall be designed using sound enginsering/scieniific principles and approgriate
standards.

Design features that enhance the mangin of safety through simplified, inherenty safe, passive, or other
highly reliable means to accomplish the specified safaty function should be employed to the maximum
extant praclical.

Design work, induding changes, shall incorporate applicable reguirements and design beses. Design
interfaces shall be identified and conirolled. The adequacy of design products shall be verified or
validated by individuals or groups other than those who performed the work, Verification and validation
wark shall ba completed before approval and implementation of tha design.
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Chapter 4: Engineering and Design

Safely technologies incorporated into the facility design should have bean proven by exparence or
testing and should ba reflected in approved codes end stendards, Significant new design features
should be Introduced only after thenough research and mode! or prototype testing st the component,
system, or facility lovel, as appropriate, to achieve the necessary level of confidence that the design
foature will parferm s axpacted.

Implementing Codes and Standards:
ACH 318-95 Building Coda Requiremants for Strucheral Concnota
AL 318R-85 Commantary on Buiiding Code Requirementa for Structural Consrate
ACI 340-90 Code Requirsments for Nuclear Safety-Ralated Concrote Stuctums
ACT 346R-80 Commenisry on Code Reguirements for Nuchear Spfety-Relaled Conerate Structuras
AISC MO18-85 Manual for Stesl Construction - Aliowabla Stress Degign, Ninth Edition
AISC NES0-84 Specificaion for the Design, Fabrcation, and Ersction of Steel Salety-Related Stuctures
for Nockear Facilites
ASCE 4-B8 Seismic Analysis of Safety-Relsied Nuclear Structures and Commantary
ASCE 7-85 Minimum Design Loads for Buildings snd Ofer Structures
DOE-STD 1020-04 (Change 1, 18945) Matural Hazards Design and Evaluation Criteria for Depariment of
Enangy Facifties
DOE-STO-1021-83 (Change 1, 1998) Netural Phenomena Hazards Perlormance Categorieation
Guidelines for Structures, Systemns, and Componenls
UBC Uniferm Bulding Code

BNFL-51B3-15P-01 TWRS-F Projoct Integraiad Safety Managemant Flan
10 Cussdwation ol Bluchet, Byt e sk

e by sl e
Saction: 1.3.18 m!m Managemant
S Eee B b Heheiy EeS iR Dedhe

DOSFL-pF0006  £.1.24 mwmmm
DOERL-86-0006 41,581 ConfSpuralion Comfigurshon Mamnsgemant
DOERL-B6-0000 41,82 Qually Assurance-Exiabished Technlgues and Frocecdwes
DOERL-08-0008 Prewen Enginesring Pracicasiargis-Ssfely Spriam Design and Duabfzation
DOERL-8-00068 4251 InhevendPasswve Safedy Charscierisoics-Satety Marpin Enhancemnent
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Chapter 4: Engineering and Design

Safety Criterion: 4,13

This criterion addresses natural phenomena hazards (NPH) design for struciures, systems, and
compaonents (55Cs) that are Important to Safety and have NPH safaty furnclions.

S5Cs designeted as Important to Salely (Le., Salety Design Class and Safely Design Significant)
shall be designed to withstand tha effects of NPH events such as sarthquakes, wind, and foods
without loss of capability to parform specified ssfety functions required as the result of the NPH events.
This includes both the front line and suppori sysiems that must funclion for 8 NPH event such that

the pubdic or worker exposure standards of Safety Criterion 2.0-1 or 2.0-2 are nol exceadad.

S5Cs that are designated Safety Design Class and that sre requined to perform a safaty function as &
resull of a given NPH shall be designed to withstand the NPH loadings of that NPH as provided in
Table 4-1.

55Cs that are designated Safety Design Significant whose continued funcon is not required for an
WPH event, but whose fallure s @ resull of an NPH event could reduce the funchioning of a Safety
Design Class S5C such thal exposure stendards might be exceaded, shall be designed to withstand
the NPH loadings of that NPH as provided in Teble 4-1. For these SSCs, however, for seismic
rasponss only, credit may be taken for inetastic enargy absorplion per Tabla 2-4 of DOE-STD-1020-84,

For any S5C included under this criterion, ather NPH loads (for which the SSC has no safety function)
mary be taken from Safety Criterion 4.1-4 and Table £-2 in lieu of Safaty Criterion 4.1-3 and Table 4-1.

Table 41 Natursl Phinsmend Design Loads for Impertant to Safety S5Cs with NPH Safety Functions

Hazssd Losad Agpplcpicn Saoemenis
Seiafra Figsal-harards response spec i DOL-STD- 1630 54"
0.2 i barisomial, @& X3 hs
.t g vertieal, @ 50 k=
Sew Figare 4-1
Srraight wind S5A M (111 mahe) . S4eend . wt 10m (33 0) | ASCE7.55
above ground, STDI20-4
Irgomnes Bictor, 110 i
Wind Minaiie 5 em x 10 om (2xd) Gmber plank, 6.8 Kg (15 M) a2 | DOE-STD-1020-54*
1 [59 pier) [hariE), eee hoeighe © . (30 B)
Tomado and Mt Applazable DOESTD- 10354
Temado Missiles
Voicanic ash &1 g’ (123 o'ty groend miss lou” DOE-STD-1020-54
Flosdmng Dy site for river Boading
finz draisage 10 ¢m [3 8 in) for §-hr precipitation DOE-STD- 102054 "
S 75 hgfm” {130 Borav®Y’) grownd lnad ASCE-105

“Geomatrix, 1996, Probaduliani: Ssivauc Mo dnalysis DOE Hoyfbed S Wiskington, WHC-SD-WII8A. TI-002, Rev |, prepared for Westinghocse
Hanfiard Carrgasy, Richland,

Wiahirghon.
wMIMILEMMHMNMOM#WKMFMHS.WH
Energy, W nben g,

'ASCE, 1993, Minbrm Design Lads for Butiing and Other Stractures, ASCE-1-89, Armatican Saciety of Civil Engineers, New Yark, New Yerk.
wmim.ﬁnﬂ.‘ﬁﬂh— Harards, Hanford Site, South-Ceseml Waskingeo,” Wies in phouse Henford Compary.

45 September 15, 1998




BNFL TWRS-P PROJECT
SAFETY REQUIREMENTS DOCUMENT Volume Ii
ABAR-W375-88-00004, Rov. 0

Chapter &: Engincering and Design

Frequency (Hz)
T

Figure 4-1 Spectral Accelerstion for Impartant to Safety $5Cs with NPH Safety Functions

Implementing Codes and Standards:

ﬁﬁmmcmﬂnqwmfnr Nuciesr Ssfat-Related Concrete Structures

ACIH 349R-80 Commantary on Code Requirsmants for Nudlear Salety-Relatad Concrete Stuctures
MSC ME90-B4 Spacification for the Dasign, Fabrication, and Erection of Steal Sefety-Retated Structures
far Nuclear Facilites

ASCE 4-86 Solsmic Analysis of Satety-Relabed Mudasr Struchres and Commentary

ASCE 7-85 Minimum Design Loads for Buidings and Other Struchures

DOE-STD 1020-84 (Change 1, 1998) Natural Harasds Dasign end Evalustion Critssla for Departmant of
Enmrgy Facltias

DOE-STD-1021-63 (Changs 1, 1006) Natursl Prenormens Harards Pedommance Categorization
Guidefines for Structuras, Systams, and Components

IEEE 344-1987 Recommonded Pracson for Seismic Cualification of Class 1E Equipmant for Nuclaar
Power Ganoraling StaSons

DOERL-P6-0008 4222 Provedns Enginaering Pracizes Va0 Mocie/Can Caupn Falire
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Chapter &; Engineering and Design

Safety Criterion:  4.1-4
This eriterion addresses natural phenomena hazards (NPH) design for structures, systems, and
components (S5Cs) without NPH safety funciions.

55Cs thal may be important ko the safely of the TWRS-P Facility shall be designed 1o withstand the

effects of NPH such as earthquakes, wind, and floods. The S8Cs included under this criterdon are:

1. SSCs Important to Safety (elther Safety Design Class or Safety Design Significant) that do not have

an NPH safety function; and

2. 55Cs that are not Important to Safety and that have significant inveniories of radioaciive or

:zmmmhnlnmmmmnmmmhlmmlhldbnmhwtuulusu‘w
nation.

S5Cs included undar this eriterion shall be designed io withstand the NFH loadings #s provided in

Table 4-2,
Table 4-2 Matural Phenomena Design Loads for S5Cs withowt NPH Safety Fenctisns
Hazzed Load Applcabion docurmenn
Beiamic Liaiferm Building Code, morpd as follows: DOE-STO-|
I =055
Impartance Factor, I=1.25
120
SwEphil wind 3B =y (55 miflr) J-pmcondd gank, . 10 = (33 i) above | ASCE-7495
s DOE-STD-1020-84"
Irpatings Botor. (=1.07
Wind M uss Mo Applcalie DOE-STO- 28"
Tomada wnd Moc Agpbeshle DOESTD-108-54"
Termadin Misaibe
Voleasic agh g {3 Bt} resnd ach load DOE-STD-1020-04*
Fleeding Dry shis for river Dooding DOE-STD-1020-54*
Site dradsage: &4 cm (21 i) for -br precipiion?
Srow T g (130 Bair) grownd fosd ASCE-T-55
SCEO, 1994, Ui Bailfing Codle, Inlemusonal Confererce ol Buildng Officials, Whintier, Califoende.
*DOE STD-1020-54, Motwel Phesosens Nasrds Design and Eval Criteris far Dep of Ewergy Facilities, 115, Deparsrent of En=gy,

Washington, DIC.
“ASCE. L9915, Minberew Design Loy for Bositing sl Ooher Servetures, ASCE-1-93, Asnerican Society of Clvil Enpnesrs, Mew York, Mew York
WSS DM 501, Rav B, “Natural Phonervena Humnds, Hisford 5w, South-Ceerral Wiikingon, = Weitinghouse Hanford Compeny

Implementing Codes and Standards:
AC| 318-85 Bullding Code Reguimments for Straciural Concneta
AC| 318R-85 Commentary on Bullding Code Requirements for Stroctural Concreia
ARSC MO B85 Manual for Steel Construection - Allowable Stress Design, Ninth Edition
ASCE T-85 Mnimum Design Leads for Bulkdings and Other Struchums
DOE-STD 1020-84 (Change 1, 1606} Natural Hazards Design and Evaluation Criteria for Departmant of
Energy Faclitos
DOE-STD=-1021-83 (Change 1, 1995) Natural Prenomsna Hazards Pedomance Categaszatian
Guidebnaa for Structires, Systema, and Componenls
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Frgulatory Basis:
DOERL-B5-0006 4227 Poves Enginewing Frecioesfdeping-Comman-fodeCommon-Carse Falore
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Chapter +: Engineering and Design

4.2 Confinement Design

Safety Criterion:  42-1

The {aciity shall be designed to retain the radioactive and hazardous matesial theough & consarvatively
designad confinemeant system for nonmal operations, anticipated cperational occurrences, and accident
conditions. The confinement systern shall protect tha warker and public from wnduwe rish of releases

such that the radiclogical and chemical exposure standards of Safely Criteria 2.0-1 andlor 2.0-2 are
niot exceeded.

Implemanting Codes and Standards:
BNFL-5163-ER0-01, Appendix B Implamanting Standard for Defense in Dapth
BNFL-5182-5R0-01, Apperdix A Implemanting Standand for Safety Standards and Requimments dentfication

DOE IG Implamentation Guide far Nonreacior Nuclear Safety Deslgn Critara and Explosive Safety Critarta, 2.3
DOE Oriar 4201 Fociity Sofety, 4.1.1.2

Beaulrteny By
DOSAL-BS-0008  4.7,1.4 Defsse in Depth-Miipatin

Safety Criterion: 4.2-2

Important to Safely liguld and gaseous systems and components, including pressure vessels, anks,
heat exchangers, piping, and valves, shall bo designed to retain their hazardous inventory such that the
radiglogical and chemical worker or public exposure standards of Safaty Criteria 2.0-1 and/or 2.0-2 are
not exceaded.

Implementing Codes and Standards:
ASME B31.3-60 Pmcess Piping
ASME SEC Vil Bodlar and Prossurs Veassal Codes, Rulos for Construction of Pressure Vesasls
BMFL-5193-8R0-01, Appendix A implormanting Standard for Safety Standards and Requirements idaniificafion
— BMFL-S101 IR 01 TINRE B Dusiaet milageslad Salety-Manaoerartiiar

oo Bathon 1345 Dsesdcaian of Srechime Sysiame, ardCampasinits

Safety Criterien:  42-3

Codes and standards for Important to Safety vessels and piping should be supplamented by additional
mieasures (such as erosion/comesion programs and piping in-senvice inspactions) to mitigate
condilions arksing that could leed to a releass of radiclogical or chemical material that would exceed
the warker or public exposure standands of Sahety Critenia 2.0-1 andior 2.0-2.

ng Codes and Standards:
BNFL-5183-5RD-01, Appendix A Implemanting Standard for Safaty meﬂmlmm
w—umﬂmunmummmmﬂmu
Document WO01/2 Rulas for the Dasign of Vessals
BMFL-515315P-01 TWRS-P Project integrated Safety Managament Plan
Section: 1.3.10 Classifeation of Swuchures. Systems, and Components
Sacton; 3.13 Relinbilty, Avallabilty, Montainability, snd Inspactabiity (RAMI)
Section: 3.7.1 Passive Featuras
Begulatary [fasis;
DOERL-PE-0008 4.2.2.4 Provan Engineaning Fracticanbsnpine-Codes and Standards
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Safety Criterion: 4.3 -8

The passibility of human error in facility operations shzll be taken into account in the design by
facilzating correct decisions by operatons and inhibifing wrong decisions and by providing means for
detecting and correcting o compensating for error. The paramelers to be monllorad in conlio! aress
shall be selected and ther displays aranged to ensura operators have clear and unambiguous
Indication of the status of the faclity. The parameters and displays shall facilitats monitoring and the
inifation and aparation of systems designated as Important lo Safety.

Implementing Codes and Standards:

BNFL-5193-8RD-01, Appendix B imgplementing Standard for Dofanss in Dapth

IEEE 1033-88 Guide for the Application of Human Faclors Enginesrieg o Syaterns, Equipment, and
FacHitias of Nuckear Power Gengraing Stations

Beguistory Basis;

DOERLSED0E 41,08 Defense in Dapti-Human

DOERL-06-0006 4261 Hueman Faciors-Haman Emor

DOEFL-P6-00056 4267 Human Faciors-inatrumentason and Contel Desgn
DOERL-S-0008 4263 Huna Fociers. Safedy Statur

Safety Criterion: 43-T
meﬂmmmwmmmﬂulmmmﬂhﬂmmywmmﬁemw
monior the facility safely during normal operations, and to provide eafa control of the facility for
anticipated operationsl occumences and acoident conditions. If creait |$ taken for operator action o
satisfy the accident axposwre stendards of Safaty Criteria 2.0-1 andior 2.0-2, adequate radiafion
protection shall be provided ko penmil access and occupancy of the control room under accident
conditions without parsonnel recelving radiation expasures in excess of 5 rem whole body gamma and
30 rem beta skin for the duration of the accident. For occusrences and accidenis involving chemical
release, provisions shall be made such that the operator exposure does not exceed the worker
exposure standards of Sefety Criterion 2.0-2.

Conslderation shall also be given lo accidents at nearby faciities If operator action Is required 1o safaly
control the processes and bring them to & safe state.

The newd for an alternate system that would aliow the processes to be placed in 8 safe siate in fhe
#vant the primary control area is uninhabitable shall ba evalualed.

Implementing Codes and Standards:
ASME NE0S-88 Nudlear Power Plant Ar Cleaning Unils and Companants
ABME N510-1089 {Rev 1095} Teating of Nudiear Alr Cloaning Systoms
MNUREG-D800 Standand Raview Plan, Sactian 8.4, Section I, Itams 1-5.

4.24.1 Emorgancy Frepandhess-Suspor! Facilles

DOERL-98-0006
COERL-04-0008 4262 Human Facors-Insiumeniafor and Qoodol Dasion

411 September 15 1999
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Chapéer 4: Engiseering and Design

4.4 Electrical and Mechanical Systems

Safety Criterfon:  4.4-1

A list of electric and mechanical components designated as important to Safety shall be prepared and
maintained. Tha list shall Include:
{1} The pn'lnm'm:- specifications for normal operation and under conditions existing duving and

(2) The load, pressure, voltage, frequency, and cther characterisfics, as appropriate, for which the
performance specified can be ensured,

Implernenting Codes and Standards:

Safaty Criterlon: 44-2
Structures, systems, and componants impaortant fo Safety shall be designed and qualied ta funclion
as intended in the anvironments associaled with the events for which they are intended 1o respond,
The effects of aging on normal and abnormal functioning shall be: considened In design and
quealification.

g Codes and Standards:
10 CFR 50.49 Environmantal qualification of electric equipment important to mhrnmrmr
IEEE 323-83 Quaffying Class 1E Equipment for Nuclsar Powar Genarafing Stations

Regalatory Basls:
OOERL-E-0008 4,223 Poven Enginasning Fracicesflargins-Salaty Sysam Dexign and' Ouaificanion

Safety Criterlon:  4.4-3
This Criterion hag been celated,

Balety Criterion: 4.4 -4
Structures, systema, and components Important to Safety shall be dasignated, designed and constructed 1o
permil appropriate inspection, testing, and maintenance throughaut their operating ves to verify thelr
continued acceptablity for senvice with an adequate safety margin,

Systerns and componants designated as important to Safety thal are located In closed cells whera
accass 3 not possible during faclity operation or scheduled shutdown peniods shall be designed and
consbructed to standards aimad at ensuring their sultebiity for the entira service life with an edequale
salety margin, Alemately, proviskons may be made for remode replacemant, standby cells, or
equipment or other methods capabile of ensuring a seniceable faclity with adequate safety for the
duration of tha inlended operating life.

Implementing Codes and Standands:
BNFL-5193-5RD-01, Appendix & |mpleranting Stendard for Satety Standards and Reguiroments idenification
IEEE 338-1887 Standard Criteria for e Pedodic Surveitance Testing of Mudear Power Generating
Siation Safety Systoms
IEEE 803-1201 Criteria for Safely Systems for Nuclear Power Generating Stations
BNFL-519345P-01 TWRS-P Projact Integrated Safely Managamant Plan
Sechion: 3.13 Redabiity, Availability, Maintanabdlty, snd Inspectabiity (RAMI)
[Beguiatory Baals;
DOERLOE-0006 4271 Relabiity, Avaiabiliy, Mnlainabiy, s Inapoctsbty (AL Rafabaly
DOEFL-56-0008 4272 Ralabily, Avalabity, Menlanskily, and lhepaciabBly RAA)Awadsbitly, Maninnadiity, and
Inapectanilty
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4.3  ESTIMATION OF CONSEQUENCES
4.3.1 Accident Severity Level Identification

A severity level, SL, shall be assigned to each postulated radiological accident. The severity
level shall reflect the unmitigated consequences of the postulated accident. Unmitigated
consequences shall account for the quantity, form and location of the radicactive material
available for release, and the energy sources available to interact with the hazardous material.
Unmitigated consequences shall not account S5Cs that serve to prevent or mitigate the release,
Specifically, unmitigated consequences shall be evaluated on the basis of a ground level release.
The saverity level shall be defined as follows:

SL Facllity Worker Co-Located Worker Puablic Consequence
Consequence Consequence

SL-1 > 23 remfevent > 25 remfevent > 5 rem/event

SL-2 |5 -25 remfevent 5 - 25 remJevent 1 - 5 rem/event B

SL-3 1 - 5 remJevent 1 - 3 rem/event 0.1 -1 rem/event

SL-4 | <1 rem/event < 1 rem/event < 0.1 rem/event

These severity levels are related to the radiological and process standards of SRD Section 2.0 as
follows:

. The unmitigated consequences associated with SL-1 events exceed the radiclogical
standards for extremely unlikely events (SRD Safety Criterion 2.0-1).

. The unmitigated consequences associated with SL-2 events are below the radiological
standards for extremely unlikely events (SRD Safety Criterion 2.0-1).

. The unmitigated consequences associated with SL-3 events are below the radiological
standards for unlikely events (SRD Safety Criterion 2.0-1).

. The unmitigated consequences assoctated with SL-4 events are below the radiological
standards for anticipated events (SRD Safety Criterion 2.0-1).

Consequences 1o the facility worker shall be evaluated at the worst-case occupied location.
Cansequences to the co-located worker and the public shall be evaluated at the locations
specified in Astashment-FAppendix D to the Safety Requirements Document, Volume If.

Early in the design, the severity level is estimated based on the experience of the hazard
evaluation team. As the design progresses, these estimates are confirmed through the formal
accident analyses described in Section 4.3.2. These accident analyses do not address all of the
potential accidents identified, but they do address bounding examples of each type of accident.
The team should use the results of the accident analyses to validate the severity level estimates
for potential accidents not addressed in the formal sccident analyses.

At September 15, 1999
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- Administrative controls (for example, limits on inventory).

Consistent with the defense in depth principle, the control strategy development should
emphasize preventive measures. It should also emphasize passive 35Cs over active 55Cs and
retention of released material over dispersion. Ideally, the preferred control strategy should
incorporate 55Cs that prevent releases and SSCs that mitigate the consequences of & release,
should it occur.

Onece the preferred control strategy is identified, it shall be evaluated using the techniques
described in Section 4.3 through 4.5. In addition, the evaluation of the control strategy shall
identify the measures necessary to assure that it performs its functions reliably. Such measures
include maintenance raquirements, testing intervals and calibration frequency. The results of this
evaluation serve to confirm that the control strategy is capable of satisfying SRD Safety

Criteria 2.0-1.

Documentation of the hazard control sirategy development process shall be a narrative defining
the overall approach to control a specific pre-identified hazard. The control strategy should be
described in terms of the safety functions required (e.g., limit release of radionuclides, etc.) and
in terms of & set of engineered features, administrative controls (procedures and training), and
minagement systems selected for implementing the strategy. The documentation should identify
all control strategies considered and provide a defensible rationale for selection of the preferred
strategy.

The following information produced by the control strategy definition shall be recorded in the
hazard datsbase:

Preferred control sirategy

Rationale for preferred control strategy selection

Defense in depth provided

Control strategy functions and performance requirements
Estimate of the unmitigated event frequency

Estimate of the consequences from the mitigated event
Estimate of the mitigated event frequency

Applicable design basis events (e.g., design basis earthquake)

This information in the hazard database links the specific hazards to specific control strategies.

A-10 September 13, 1999
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One of the issues in developing a control strategy for a particalar hazard is determining the
number of layers of prevention and mitigation appropriate for the hazard. The controd strategies
shall conform to the requirements defined in the Implementing Standard for Defense in Depth.
In addition, the following guidance shall be considered in developing control strategies.

The general TWRS-F design approach is to provide two confinement barriers against the release
of hazardous materials. The process vessals and piping form the primery confinement barrier;

A-10a September 15, 1999
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the process cells and associsted ventilation systern form the secondary confinement barrier.
Releases from the primary confinement are mitigated by the secondary confinement.

The accident severity levels defined in Section 4.3.1 are related to the exposure standards in SRD
Safety Criterion 2.0-1. The SRD Safety Criterion 2.0-1 exposure standards are frequency based,
0 it is possible 1o establish target frequencies for events with a given severily level, The target
frequencies tabulated below are consistent with SRD Safety Criterion 2.0-1,

5L Event Target Frequency (yr)
SL-1 <10*
SL-2 <10*
SL-3 <107
SL-4 <10’

These target frequencies may be used 1o guide control stretegy development as described below.
For SL-1 events:

. Meeting the target frequency will usually require a control strategy that incorporates
diverse and independent S5Cs that act to prevent and mitigate the event,

. Mecting the target frequency mev-will usyally require diverse S5Cs that act (o prevent
the release.

. The degree of mitigation required depends on the release frequency, that is, on the
reliability of the preventive SSCs. For example, assume that the preventive SSCs assure
that the frequency of release is less than 107 per year, but more than 10 per year, This
frequency is not acceptable for events that have 5L-1 level consequences, but is
acceptable for events that have SL-2 level consequences. Therefore, the control strategy
would nead to provide enough mitigation to reduce the consequences of the release to the
levels associated with a SL-2 event, as a minimum. The combined reliability of the
preventive S5Cs and the S5Cs that provide mitigation needs to satisfy the target
frequency for a SL-1 event. That is, the probability that the S5Cs that provide mitigation
will fail should be on the order of 107, given the release.

. BSCs in control strategies for SL-1 events shall satisfiy the single failure eriteria in the
Implementing Standard for Defense in Depth.

For SL-2 events:

- Meeting the target frequency will usually require a control strategy that incorporates
diverse and independent S5Cs that act to prevent and mitigate the event.

AT September 15, 1999
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The degres of mitigation required depends on the release frequency, that is, on the
reliability of the preventive S8Cs. For example, assume that the only vishle preventive
$5Cs assure that the frequency of release is less than 107 per year, but more than 107 per
year. This frequency is not acceptable for events that have SL-2 level consequences, but
is acceptable for events that have 5L-3 level consequences. Therefore, the conirol
strategy would need to provide enough mitigation 1o reduce the consequences of the
release to the levels associated with a SL-3 event, as a minimum. The combined
reliability of the preventive SSCs and the SSCs that provide mitigation needs to satisfy
the target frequency for & SL-2 event. That is, the probability that the S5Cs that provide
mitigation will fail should be on the order of 107, given the release.

85Cs in control strategies for SL-2 events should satisfy the single failure criteria in the
Implementing Standard for Defense in Depth.

For SL-3 and SL-4 events:

The mitigation provided by the secondary confinement would be adequate (o satisfy SRD
Safety Criterion 2.0-1. It would also be adequate 1o satisfy SRD Safety Criteria 1.0-3
through 1.0-5. However, preventive features should be considered consistent with the
defense in depth principle.

A single preventive SSC may satisfy the frequency goal for SL-3 and SL-4 events.

S5Cs in control strategies for SL-3 and 514 events need not satisfy the single failure
criteria in the Implementing Standard for Defense in Depth.

A-13 September 15, 1999
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I6.0 IDENTIFICATION OF STANDARDS

Identification of standards is an ileralive activity. Initially, the set of standards and requirements
is derived from a general understanding of the hazards inherent in the work. As the design

A-12b September 15, 1999
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cvalves, the hazard evaluation and the development of the control strategies justify tsiloring the
set of standards to better fit the hazands,

The standards identification activity is performed by a team including work activity experts,
hazard assessment experts, hazard control experts, and ESH standards experts. The aim of this
activity is 1o identify a tailored set of standards and requiremnents that will assure adequate safety
when implemented.

Werk activity experts shall be drawn from the following TWRS-P organizations:
. Functional staff of the TWRS-P Engineering Manager

. Technical staff of the HLW and LAW Vitrification Project Design Manager
. Technical staff of the BOF and Pretreatment Project Design Manager
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8.0 CONFIRMATION OF STANDARDS

Based on the recommendation of the process manager, the TWRS-F Project Manager requests
the Project Safety Committes (PSC) to confirm the selected set of standards. The PSC defines a
review approach, carries out the review, and documents the findings of the review. Comments
by the PSC shall receive formal disposition by the Process Management Team.

82.0 FORMAL DOCUMENTATION

Following confirmation by the PSC, the standards selection process shall be deseribed in the
Integrated Safety Management Plan. The results of the process shall be documented in the
Safety Requirements Document (SRD). The SRD shall incorporate documentation supporting
these resulls by reference. The SRD shall identify and justify the set of requirements and
standards selected to provide adequate protection of workers, the public, and the environment.

910.0 RECOMMENDATION

The TWRS-P Manager of Operations certifies that the recommended st of standards, when
properly implemented:
1) Provides adequate safety

2) Complies with applicable laws and regulations
3) Conforms with the Top-Level Safety Standards and Principles.

HL1.0 DEFINITIONS

Credible event: Any event with a frequency greater than 10°® per year, including allowance for
uncertainties.
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Mitigated event: As used in this standard, & mitigated event involves the following sequence:

- An initiating event that could lead to a release from the primery confinement barrier

. Failure of all elements of the control strategy that would prevent the initiating event from
developing into a releass from the primary confinement barrier

. Mitigation of the consequences of the release as provided by the control strategy
Mitigated event frequency: The mitigated event frequency is the corresponding releass

frequency times the probability that the elements of the control strategy that mitigate the release
will function given the release.
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APPENDIX D

BEADIOLOGICAL EXPOSURE STANDARDS FOR THE TWRS-F PROJECT
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L0 INTRODUCTION AND PURPOSE

Thiz attachment to the SRD originally was izseed a5 2 stand-alone document (BNFL-5193-RES-01,
Rev. 0, dated August 28, 1997). lihubunimumudinmmesmhmmuprwidubﬂh
background information and the basis for the radiological exposure standards reflected in the SRD Safety
Criteria, In addition, it has been updated to reflect the BNFL Ine. responses to DOE Regulatory Unit
questions on the Standards Approval Pecknge.

This documnent is the Radiation Exposure Standard for Workers Under Accident Conditions which is a
radiological safety delivershle required by the Tank Waste Remediation System Privatization (TWRS-F)
Contract (DE-ACO6-RL13308). This document is used by the BNFL team during the process hazards
analysis (PHA) and accident analysis to ensure worker safety through identification of the need for
aocident prevention and mitigation features that provide worker protection against radislogical and
nuclear hazards. In this document, whers unmodified reference is made to workers, it applies collectively
to facility workers and co-located workers ss defined in Sections 3.5.1 and 3.5.2 below,

The U.S. Department of Energy (DOE), in DOERL-96-0006, Revision 0, Top-Leve! Radiofogical,
MNuclear, and Process Safety Standards and Principles for TRRS Privatization Contractors, (DOE-RL
1996), provides Table 1, "Dose Standards Above Normal Background.® In Table 1{referred to ps DOE
Table 1}, there are entries labeled, “To be derived,” for which the contractor is to propose specific
exposure standards for both facility workers and co-located workers for the following events:

. Unlikely Events: cvents that are not expected but may occur during the lifetime of the facility in
the range of frequency between 10"-";-'rmd Iﬂ"-"}'l' (between once m 100 years and once in 10,000
years)

. Extremely Unlikely Events: events that are not expected to occur during the lifetime of the
facility but are postulated because their consequences would include the potential for the release
of significant amounts of radioactive material, Extremely unlikely events are in the range of
frequency between 10y and 107y (bebween once in 10,000 years and once in 1 million years).

This document provides the required exposure standards and the bases for their selection. In addition, this
document presents the BNFL spproach for complying with DOE Table 1. The individual clements of this
approach, as shown in Table 2-1 of SRD Safety Criterion 2.0-1 (referred to as BNFL Table 2-1), are
conservative based on the requirements of the BNFL/DOE contract and, a5 such, satisfy the contract. For
completensss, this document also discusses, and presents in BNFL Table 2-1, public exposure standards
and the assumed locations of the public, facility worker, and co-located worker for uss in evaluation of
accident consequences and normal radioactive material releases.

1.0 EXPOSURE STANDARDS FOR FACILITY AND CO-LOCATED WORKERS

The four “To be derived” cells in DOE Table 1 have been completed by imposing a radiological exposure
standard not to exceed 25 rem/event to the TWERS-P Facility of co-located workers for either unlilely or
extremely unlikely events.

The 25 rem/event exposure standard for both the facility and co-located workers for unlikely and
extremely unlikely events comresponds 1o the onte-in-a-lifetime accident or emergency exposure for
' A N L MNation j gn Radi ful
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1963), may be disregarded in the determination of theér radiation exposure status. In addition, an
exposure of 25 remievent corresponds to a conditional probability of fatality of sbout 2 x 107, For
unlikely events (defined in BNFL Table 2-1 a5 having a maximum occwrrence frequency of 107yr), this
equates to a maximum increase in worker lifetime risk of premature death of only 2 x 107, which is
considerably less than the average accidental death risk for workers in some of the safest industries (i.e.,
retail and wholesale trade, manufacturing, and service [EPA 1991]).

Compliance with the 25 remfevent standard is established using qualitative methods supported, where
necessary, by numerical analysis that may include the development of event trees and fault trees and‘or
the performance of consequence analyses. From this process, preventative and mitigative engineered and
administrative controls are identified.

Use of qualitative methods is consistent with the American Institute of Chemical Engineers (AIChE)
puidslines (AIChE 1992), U.S. Nuclear Regulatory Commission (NRC) guidance for the performance of
infcgrated safiety analysis for 10 Covde of Federal Regulations (CFR) 70 special nuclear material licensees
(MRC 19952), as well as DOE-STD-3009 (DOE 1994} und DOE G 420.1-X (DOE 1995). Both DOE
documents state the following:

“Estimates of worker consequences for the purpose of & safety-significant S5C designation are
niod intended 1o require detafled analvtical modeling. Considerntions should be based on
engineering judgement of possible effects and the potential added value of safety-significant S5C
designation."”

Because the primary purpose of the TWRS-P Project facility and co-located worker exposure standards is
to identify structures, systems, and components (S5C) required to protect these workers, the guidance
cited above is both applicable and appropriate.

BNFL's principal approach for complying with the 25 rem/event worker exposure standard is the PHA.
BNFL's PHA is & gystematic, team-based review of the plant and treatment processes. The PHA
identifies hazards and operability problems to a level of detail commensurate with the design detail
available. Further hazard evaluation takes place in paralle] with design development to ensure that safety
continues 1o be built into the design process.

Having generated the list of hazerds and hazardous sitzations, this list is subject to a further systematic
team-based review where a binning process takes place. The binning process sssigns postulated events to
& certain hazard category end is essentially risk-based with categories of hazard defined according to a

The 25 rem/event standerd for unlikely or extremely unlikely events applies to events with frequenciss
less than 107yr, For those frequencies, the PHA process assiges sesicus and major hazardous situations
a3 undesirable, acceptable with controls, or acceptable. For n hazardous situation to be "acceptable”, its
consequences must be bess than 25 rem. Where there iz uncertainty as to where an event should be binned
(i.e., assigning a hazard category), it is binned into a higher category to ensure that the sccident analysis
remains conservative.

The DOE-RU has provided a guidance document (DOE-RL 1997) 1o be usad for review of the Radiation
Exposure Standand for Waorkers Under Accident Conditions. This guidsnce document includes the
worker accident risk goal and the accident risk goal of DOERL-96-0006.
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The worker accident risk goal is stated in DOE/RL-%6-0006 as, “The risk, to workers in the vicinity of the
Contraztor's facility, of fatslity from radiological exposure that might result from an sccident should not
be a significant contributor to the overal] occupational risk of fatality to workers.”

DOE/RL-97-09 (DOE-BL 1997) describes approaches that can be taken to meet this goal. The simplest
approach notes that the goal can be met when (a) & worker dose standard that does not exceed 100 rem is
used for extremely unlikely events (107 to 10™ probability ruhp:}. and (b) & worker dose standard that
does not exceed 10 rem is used for unlikely events (107 to 10™ probability renge). For the latier
probability range, the |0-rem standard relics on the assumption that the probability of accidents is evenly
distributed across the probability ranpe.

Based on experience with similar plants, BNFL considers it unlikely that the even distribution assumption
will represent the actual situstion for TWRS-P. Furthermore, experience indicates that there will be
relatively few accidents falling into this range, and that they will be distribured toward the low probability
end of the range. Consexquently, a value higher than 10 rem can be used for the worker acsident standand
for unlikely events,

As can be seen in BNFL Table 2-1, BNFL has selected a velue of 25 rem/event as the worker sceident
stendard for both unlikely and extremely unlikely events. Because this is over 10 rom for the 107 10 107
probability range, BNFL needs to demonstrate that the worker sccident risk poal is satisfiad.

For the TWRS-P Project, BNFL satisfies this goal by caleulating the risk of facility operation to the
warkers. This is a best estimate analysis based on realistic input snd modefing ions. In
performing this analysis, all structures, systems, and components capable of preventing or mitigating the
event are considered. Estimates of system and component unavailabilities and unrelishilities consider
failure to start and failure to run as well a5 maintenance-caused unavailabilities. Accident prevention and
mitigation features are added to the design as necessary to satisfy the worker accident risk goal. Note 2 of
BNFL Table 2-1 explicitly commits BNFL 1o this risk evaluation process,

The accident risk goal is stated in DOE/RL-96-0006 25, "The risk, to &n average individual in the vicinity
of the Contractor's facility, of prompt fatalities that might resull from an accident should not exceed one-
tenth of one percent (0.1%) of the sum of prompt fatality risks resulting from other accidents to which
members of the U.S. population ere penerally exposed.” The DOE guidance document states that a
radiation exposure standard of 100 rem/event would satisfy the accident risk goal. Because the BNFL
standard 15 25 remfevent, the guidance document is satisfied.

In each of the four cells addressing accident exposure standards for workers and co-located workers in the
unlikely and extremely unlikely events ranges, BNFL's approach doss not specify an ALARA accident
lirmit. However, Note 3 of BNFL Table 2-] states:

“In addition to meeting the listed dose standards for sccidents, BNFL's approach to aceident
mitigation is to evaluate accident consequences to ensure that the calculated exposures are far
encugh below standards to account for uncertainties in the analysis, and to provide for sufficient
design margin and operational flexibility.”

This approach provides an adequate level of safety. The following paragraphs should also be noted in
support of this conclhision,
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BNFL's accident analyses will show complisnce with exposure standards for aceidents. In addition,
BINFL uses a defense-in-depth approach where multiple levels of protection ensure that worker EXPOSUTES
from aceidents will be significantly lower than calculated, This isa proven approach, considersd to be
effective a! minimizing expasures to workers.

BNFL's approach to accident ritigation (s described in Note 3 of BNFL Table 2-1) iz to examine
eccident consequences to ensure that calculaled exposures are far enough below standards to account for
uncertainties in the analysis and to provide sufficient design margin and operational flexibility, This
approach is employed for all accidents (including both public and workers at all accident frequency
levels) that can challenge the exposure standards, ensuring that sccident exposures would be well below
standsrds,

3.0 DEVELOPMENT OF THE BNFL AFPROACH TO COMPLIANCE
‘WITH TABLE 1 OF DOE/RL-96-0006

The overall BNFL approach to complying with DOE Tebie 1 is presented in this document. This
approach takes the form of BNFL Table 2-1. The "To be derived” cells have been completed as
discussed. The remaiming celis of BNFL Table 2-1 are either identical or conservative with respect to
DOE Table 1. The following sections discuss differences between DOE Table | and BNFL Table 2-1.

DOE Table | footmotes are not shown in BNFL Table 2-1. Section 2.1 of DOERL-96-0006 states that
the footnotes refer only to the origin of the specific standards and, as such, are not considered contractual
requirements unless included elsewhere in the contract.

A1 ESTIMATED FREQUENCY OF OCCURRENCE

The second column of DOE Table 1, “Estimated Probability of Occurrence (P) (yvr''),” has been titled in
BNFL Table 2-1, “Estimated Frequency of Ocourrence (f) (yr")” because BNFL's approach is frequency
based. In addition, the estimeted frequency of occurrence for normal events of DOE Table 1 is redefined
in BINFL Table 2-1 as any normal event regardless of frequency (nominally taken to be & frequency >
0.147). The estimated frequency of anticipated events in DOE Table 1 is redefined a5 events with an
anmual frequency of ocewrence of 107<f 107,

With these changes, events routinely performed (e g.. melier replacement) are considened normal events
ruther than sccidents, irrespective of frequency of occurrence. As normal events, the radiological
assesement is subject to the mare restrictive “per year™ exposure standards rather than “per event™
exposure standards. Consequently, these changes are conservative in comparison to DOE Table 1,

3.2 NORMAL EVENTSFUBLIC AND WORKERS EXPOSURE STANDARDS

Clarifying descriptions have been included in the Normal EventsPublic cell of BNFL Table 2-1
exphaining that the second 100 mrem/yr standard applies to 2 member of the public entering the
controlied anea and the 25 mremyyr standard is the public primary exposure standard for radicactive
waste. The removal of DOE Tuble 1 footnotes (as noted above) necessitated the addition of these
clanifying notes.
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For the Norma! Evenis™Worker and Normel Events/Co-located Worker cells of BNFL Table 2-1, the DOE
Table 1 standard of 1.0 rem'yr ALARA design limit is replaced by & standard of 1.0 remiyr ALARA
design objective per 10 CFR 833, Section [002(b), The corresponding worker standards for nocmal
events in DOE Teble 1 are tied to the ALARA, design objectives of 10 CFR B35.1002(b) by the footnotes
to DOE Table 1.

BNFL has committed to full compliance with 10 CFR 835 in the SRD, and the other sections of 10 CFR
£35.1002 provide adequate requirements (o ensure noutine worker exposures will be ALARA. In
addition, a foomote, Note 1, is included in BNFL Table 2-1, This note states the following:

*“In addition to meeting the listed design obgective of 10 CFR 835.1002(b), the inhalation of
radioactive material by workers and co-located workers under normal conditions 13 kept ALARA
through the control of airborne radicactivity as described in 10 CFR 835.1002{c)."

33 ANTICIPATED EVENTSWORKER AND CO-LOCATED WORKER EXPOSTRE
STANDARDS

References to as low as reasonably achievable (ALARA) standards have been removed for the
Anticipated EventsWorker and Co-Located Worker cells of BNFL Table 2-1. The ALARA design
ohjective of 10 CFR. 835, "Ooccupational Radistion Protection,” is applied 16 normal events a3 shown in
BNFL Table 2-1. However, with the redefimition in BNFL Table 2-1 of anticipated events as thoss events
with an annual frequency of occurrence of 107 = £5 107", the ALARA objective no longer applies
because anticipated events are not part of normal operation.

This change complies fully with Szction 3.2, "Radiation Protection Objective,” of DOERL-96-0006,
which states the following:

“Ensure that during normal operation radiation exposure within the fecility end radiztion
exposare and environmentsl impact due to any release of radivactive material from the fagility is
kept as low as 1s reasonably schievable (ALARA) and within prescnibed limits, and ensure
mitigation of the extent of radiation exposure and emvironmental impact due o accidents.”

This aspect of BNFL Table 2-1 also represents complisnce with contraciual requirements becauss
footnote 3 of DOE Table | references 10 CFR 835.1002(b). This section, and 10 CFR £35.202 which it
references, establishes design requirements for eccupational exposures other than planned special
exposures and emespency exposures, Administrative limits for planned specisl exposures and emergency
exposures are addressed in 10 CFR 835.204 and 10 CFR 833.1302 and are complicd with by the TWRS-F
Project.
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Finally, to provide an adequate level of safety and to ensure that cost-effective safeguards affecting
anticipated events are evaluated (and incorporated &s appropriate) whenever the final calculated event
consequence to a worker or co-focated worker is 1 rem or more, BNFL's approach specifies a 1.0-
rem/event design action threshold standard. In addition, & note is included in BMFL Table 2-1 to explain
the application of the standard. This note (Motz 4 to BNFL Table 2-1) states:

“When a calculated sccident cxposure execeds this threshold, then appropriate sctioms are taken.
These include carrying out 2 less bounding (i.e., more realistic) evaluation to show that the
accident consequences will be below the threshald or evaluating additional safeguards for cost-
effectiveness and'or feasibility, This threshold is not & imdt, i does not requiire the
1mplg:nuﬂm of additional preventative or matigative features if they are not both cost-effective
and feasible "

34 EXTREMELY UNLIKELY EVENTSPUBLIC EXPOSURE STANDARD

A standard is included in the Extremely Unlikely EventaPublic cell of BNFL Table 2-1 stating that a
public exposure standard target value of 5 rem/event is applied 1o extremely unlikely events. This tarpet
value is based on the following:

. The philosophy i3 that the public should be protected by a lower exposure standard than & worker.
This philosophy recognizes the fact that the worker has agreed to work on the Hanford Site and
has received traiming for avoiding hazards and dealing with hazasdows situntions.

. A poal o facilitate transition to the NRC as the regulatory agency with jurisdiction over nuclzar
safety for DOE facilities. With the exception of & 25 rem/event guideline valee of 10 CFR 1040
for the esmblishment of the exclusion area and low population zone for commercial power
reactors, the NRC has rot established a public exposure standard that exceeds 5 rem/event, A
public exposure standard of 5 rem/event is also included in proposed nulemaldang for 10 CFR 70
{NRC 1995b), which further supports the BNFL Table 2-1 value.

. With the same 5 rem/event public exposure standard for both unlikely snd extremely unlilely
events, there is no need to bin accidents in one of these two event frequency categories for the
purpose of establishing protection of public sfety,

3.5 LOCATION OF RECEFTORS

In BNEL Table 2-1, a new last row has been added to clarify in DOE Table 1 of DOERL-95-0006 the
assumed location for the facility worker, the co-located worker, and the public, for the purpose of
establishing compliance with the radiological standands of DOE Table 1. The bases for the receptor
locations included in this row are provided below,

3.5.1 Facility Worker

The facility worker is located at the most limiting location within the BNFL contractor-controlled ares ag
defined in DOE/RL-96-0006, 23 shovain Figwe D-1. |
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Section 6.0, "Glossary," of DOERL-96-0006 defines the controfled area as the following:

“The physical ares enclosing the facility by a common perimeter (security fence). Access to this
erea can be controlled by the Contractor. The controlled srea may include identified restricted
areag ™

The controlied srea for TWRS-F used to define the location of the facility worker, is that land leased by
DOE to BNFL for the TWRS-F Project and land associated with Tank AP-106. The controlied ares may
include land beyond the TWRS-P Facility security fence if that fence i located within the leased area,
because BNFL would have control of that aren between the fence and the boundary of the leased land.

3.5.2 Co-Located Worker
Bection 6.0, “Glossary,” of DOERL-96-0006 defines the co-located worker as the following:

*&n individual within the Hanford Site, beyond the Contractor-contralied area, performing work
for or in conjunction with DOE or utllizing other Hanford Site facilities,”

For evaluation of the TWRS-F Facility design to the exposure standards of DOE Table 1, the location of
the co-located worker is either at the BNFL controlled ares boundary or beyond that boundary if such a
location results in higher exposure. For s ground-level release, the location of the co-Jocated warker is
considered no closer than 100 m from the relesse point.

31.5.3 Public

The location of the public (i.e., the offsite receptor) for the purpose of establishing compliznce with the
last column of DOE Table | of DOERL-96-0006, is established at the most limiting exposure location
along the near bank of the Columbia River, Highway 240, and & southern boundary as shown in
Figure D-i2,

This area includes land for which it is reasonable to assume DOE will retain the right to contral activities
and limit access under aceident conditions for the operating life of the TWRS-P Facility. Spesifying the
near river bank excludes the Columbis River for which DOE does not control activities (DOE-RL 1995).
Specifying Highway 240 excludes the Arid Lands Fcology Reserve of which DOE might relinguish
contrel during the eperating life of the TWRS-P Facility. The southern boundary serves to exclude the
Washingtan Public Power Supply System’s WNP-2 commercial noclear power plant (whose workers
should be considered members of the public), and the Hanford Site 300, 400, and 1100 Areas, The 400
Area includes the Fast-Flux Test Facility.
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Figure D-+Z. Boundary for Location of Oifsite Receptor for the Purpose of Implementing
DOEMRL-#6-0006, Rev. 0, Table 1, Public Exposure Standard
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In footnotes 10 and 12, DOE Table 1 of DOERL-96-0006 makes reference to 10 CFR 72, “Licensing
Requirements for the Independent Spent Fuel (ISFSI) and High Level Radioactive Waste,” and

10 CFR 100, “Reactor Site Criteria,” to relate to the public exposure standards for unlikely and extremely
unlikely events. While the siting requirements and guidince of Parts 72 and 100 are not applicable to the
TWRE-P Facility, the requiremnents for establishing the location of the offsite receptor in these two cited
regulations are uzeful for locating the offsite receptor for a waste processing facility such as TWRS-P,
Section 72,106, "Controlled Aren Boundary of an ISFSI or Monitored Retrievable Storage (MRS),™
includes the following statements relative to the boundary to be assumed for the evalustion of radiological

exposure to the public:

*The minimum distance from the spent fuel or high-leve! radicactive waste handling and storage
facilities to the nearest boundary of the controlled srea shall be at least 100 meters ™

"The controfled area may be traversed by a highway, railroad or waterway, o leng 2s appropriste
and effective arrangements are made 1o control traffic and to protect public health and safety.”

Title 10 CFR 100 establishes a guideline value of 25 rem for 2 br at the exclusion ares boundary. For the
exclusion arsa, 10 CFR 100.3, “Definitions,” states the following:

“(n) Exclusion aréa means that area surrounding the reactor, in which the reactor licenses has the
authority to determine all activities including exclusion or removal of personne] and property
from the area, This erea may be traversed by a highway, raiktroad, or waterway, provided these
are not so close to the facility as to interfere with normal operations of the facility and provided
appropriate and effective arangements are made to conwol traffic on the highway, railroad, or
wateTway, in case of emergency, to protect the public health and safery. Residence within the
exclusion aren shall normally be prohibited. In any event, residents shall be subject to ready
removal in cass of necessity. Activities unrelated to operation of the reactor may be permitted in
an exclusion area under appropriate imitations, provided that no significant hazards to the public
health and safety will result.”

As can be seen from the above excerpis, the assumed location for the offsite receptor for TWRS-P is
consistent with 10 CFR 72 and 10 CFR 100. In addition, the proposed southern boundary takes
sdvantage of the road junction at the Wye barricade (Figure F-1) for control of access to the site during
secident conditions.

4.0 REFERENCES

10 CFR 70, “Domestic Licensing of Special Nuclear Material," Code of Federal Regulations, as
amended,

10 CFR 72, “Licensing Requirements for the Independent Storage of Spent Muclear Fuel and High-Level
Radioactive Waste,” Code of Federal Regulations, as amended.

10 CFR 100, “Reactor Site Criteria,” Code of Federal Regulations, &s amendad.

10 CFR B15, “Subpart C - Standards for Internal and External Exposure,” Code of Federal Regulations,
as amended,
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